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Abstract
We previously reported that high tumoral expression of Toll-like receptor 3 (TLR3) and CXCL10, a member of the CXC 
chemokine family, was an independent positive prognostic factor in patients with advanced thoracic esophageal squamous 
cell carcinoma (ESCC). However, the direct relationships between TLR3 and CXCL10 in ESCC cells was not fully under-
stood. Here, we analyzed TLR3 mRNA and protein expression in two ESCC lines (TE8 and KYSE180) and one esophageal 
adenocarcinoma (EAC) line (OE19). We also assessed the effect of the TLR3 agonist poly(I:C) on production of downstream 
adapter proteins and cytokines, including CXCL10, and further tested its effects on cell viability and caspase 3/7 activity with 
and without siRNA-induced knockdown of TLR3 and the TICAM-1 or MAVS adapter protein. Both ESCC lines, but not the 
EAC line, showed high expression of TLR3 mRNA and protein. TICAM-1 and MAVS were also expressed, and their knock-
down suppressed responsiveness to poly(I:C) in the ESCC lines. Poly(I:C) induced strong CXCL10 production, resulting in 
significantly upregulated caspase3/7 activity and downregulated cell proliferation in both ESCC lines but not the EAC line. 
The effect of poly(I:C) on CXCL10 production was attenuated after transfecting the cells with siRNAs targeting TICAM-1 
or MAVS. TLR3 is thus highly expressed in ESCC cells, where it induces strong CXCL10 production and significantly 
upregulates caspase3/7 activity and downregulates cell proliferation. TLR3 signaling and the resultant downstream CXCL10 
production have the potential to serve as useful prognostic markers and therapeutic targets for the treatment of ESCC.
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Abbreviations
TLRs	� Toll-like receptors
CTL	� Cytotoxic T lymphocyte
ESCC	� Esophageal squamous cell carcinoma
EAC	� Esophageal adenocarcinoma
PRRs	� Pattern recognition receptors
PBL	� Peripheral blood leukocyte
PAMPs	� Pathogen-associated molecular patterns

Poly(I:C)	� Polyinosinic polycytidylic acid
RLR	� Retinoic acid-inducible gene-I (RIG-I)/MDA5
MAVS	� Mitochondrial antiviral signal
TICAM-1	� Toll-interleukin 1 receptor domain (TIR)-con-

taining adaptor molecule-1 (also called TRIF)
MDA5	� Melanoma differentiation-associated gene 5

Introduction

Squamous cell carcinoma is the predominate form of esoph-
ageal cancer in Asia, Africa and central South America and 
has high malignant potential [1–3]. Earlier findings suggest 
cigarette smoking, heavy alcohol consumption and poor oral 
health are all independent risk factors for upper-aerodiges-
tive tract cancers, including esophageal squamous cell car-
cinoma (ESCC) [4–6]. Importantly, all of these risk factors 
can induce chronic inflammation [7].
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Toll-like receptors (TLRs) are important immune sys-
tem components that play crucial roles in innate immune 
responses and antigen-specific adaptive immunity against 
microbial pathogens [8–10]. They are classified as pat-
tern recognition receptors (PRRs) and recognize molecular 
structures known as pathogen-associated molecular patterns 
(PAMPs), which are delivered from a wide range of patho-
gens, including bacteria, viruses and fungi [8, 9]. Recent evi-
dence also indicates that in addition to PAMPs, TLRs recog-
nize damage-associated molecular patterns (DAMPs), which 
are endogenous molecular patterns released from injured 
or dying host cells [11–13]. Persistent stimulation of TLR 
signaling induced by PAMPs or DAMPs sustains chronic 
inflammation and appears to be a potential cause of several 
types of cancer, including gastric cancer from Helicobacter 
pylori infection, hepatocellular carcinoma from hepatitis B 
virus (HBV) or hepatitis C virus (HCV) infection, colorec-
tal cancer from inflammatory bowel diseases and cervical 
cancer from human papillomavirus (HPV) infection [14]. 
It is noteworthy that TLR3 and the cytoplasmic helicase 
MDA5, a cytoplasmic dsRNA receptor linked to the adap-
tor MAVS [9], sense viral dsRNA to evoke innate inflam-
matory responses. Within that context, it is plausible that 
TLR3 plays a key role in the inflammation contributing to 
the pathogenesis of ESCC.

Recent studies demonstrated that human TLR3 can be 
ectopically expressed in cancer cell endosomes [15] and that 
its expression levels in human ESCC cells are associated 
with prognosis [16]. TLR3 is expressed in myeloid cells and 
some epithelial cells [15, 17], but its function has also been 
investigated in antigen-presenting dendritic cells (DCs), 
particularly XCR1 + subsets, which express a high levels of 
TLR3 [17, 18]. XCR1 + DCs cross-prime external tumor-
associated antigens to present MHC class I and facilitate 
antigen-specific cytotoxic T lymphocyte (CTL) proliferation 
[17, 18]. This DC cross-priming function is augmented in 
response to TLR3 agonists such as poly(I:C). Upon stimula-
tion by a TLR3 agonist, DCs contribute to tumor cell dam-
age induced by antigen-specific CTLs [19]. On the other 
hand, poly(I:C) sometimes directly induces robust cytokine 
release and cytotoxicity in cells expressing TLR3 [19] and 
work as a MDA5 ligand [9]. Consequently, the actions of 
TLR3 that improve prognosis in cancer patients remain 
unclear.

CXCL10, also known as interferon gamma-induced pro-
tein 10 (IP-10), is a member of the CXC chemokine family 
and is known to mediate chemotaxis, apoptosis and angio-
stasis and to be involved in regulating cell growth [20]. In 
the event of a viral infection, CXCL10 production induced 
via TLR3 signaling promotes proinflammatory responses 
[21–23]. CXCL10 also reportedly contributes to the 
response to tumor development in several cancers [24, 25]. 
In ESCC, for example, CXCL10 expression inhibits cancer 

cell invasion and promotes migration of immune cells to 
the cancer microenvironment, suggesting CXCL10 exerts 
an inhibitory effect on ESCC progression [26, 27]. Con-
sistent with those results, we previously reported that high 
expression of TLR3 and CXCL10 within tumor tissue is 
an independent positive prognostic factor in patients with 
advanced thoracic ESCC [16, 28]. The regulatory mecha-
nisms governing CXCL10 production via TLR3 in ESCC 
cells remains unclear, however.

In the present study, therefore, we analyzed TLR3 mRNA 
and protein expression in two ESCC lines. We also assessed 
the effect of the TLR3 agonist poly(I:C) on production of 
downstream adapter proteins and cytokines, including 
CXCL10, and, to a lesser extent, on cell viability and cas-
pase 3/7 activity with and without siRNA-induced TLR3 
knockdown. Our findings suggest that TLR3 signaling and 
downstream CXCL10 production could serve as useful prog-
nostic markers and therapeutic targets for the treatment of 
ESCC.

Materials and methods

Cell lines

This study protocol (#1495) was approved by the Ethics 
Committee of Akita University Graduate School of Medi-
cine, and all experiments, particularly those using periph-
eral blood leukocytes (PBLs) isolated from blood samples 
provided by healthy donors, were performed in accordance 
with the Helsinki Declaration. Two ESCC lines (TE8 and 
KYSE180) and one EAC line (OE19) were tested. TE8 cells 
were obtained from the Cell Resource Center for Biochemi-
cal Research Institute of Development, Aging, and Cancer 
at Tohoku University, Japan and from the RIKEN BRC 
Cell Bank, Japan. KYSE180 cells were from the Health 
Science Research Resources Bank, Osaka, Japan. OE19 
cells were from the European Collection of Cell Cultures. 
All cell lines were characterized with HLA typing and were 
obtained within 6 months before experiments were started. 
Authentication was not done by the authors [29–31]. All cell 
lines were cultured in RPMI1640 (Sigma-Aldrich, St Louis, 
MO) supplemented with 10% (v/v) heat-inactivated fetal 
bovine serum (FBS, GIBCO, Grand Island, NY) and antibi-
otics (penicillin G/streptomycin/amphotericin B, GIBCO), 
and were maintained in a humidified incubator under 5% 
CO2/95% air at 37 °C.

Reverse transcription‑quantitative PCR (qPCR)

As a positive control for TLR3 mRNA expression assays, 
PBLs were isolated from blood samples provided by 
healthy donors using RBC Lysis Solution® (Qiagen, 
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Hilden, Germany) according to the manufacturer’s recom-
mendations. mRNA expression of adaptor proteins and 
cytokines in PBLs and ESCC cells was then assessed with 
qPCR. Cells were plated to a density of 5 × 105 cells/well 
in 6-well plates and incubated for 72 h at 37 °C in 1 mL of 
RPMI1640 with 10% FBS. After three washes with PBS, the 
cells were incubated at 37 °C for an additional 72 h in 1 mL 
of serum-free RPMI1640 (control) without or with 10 μg/
mL poly(I:C). Total RNA was then extracted from the cells 
using TRIzol®(Invitrogen, Carlsbad, CA) or RNeasy (Qia-
gen). The extracted RNA was quantified and evaluated for 
purity using a NanoDrop 2000® spectrophotometer (Thermo 
Fisher Scientific Inc., Waltham, MA). Reverse transcription 
was performed as described elsewhere [16]. Primers and 
probes for RT-qPCR were designed on the Roche Applied 
Science website at the Universal ProbeLibrary Assay Design 
Center. The sequences of all primer sets and the correspond-
ing Universal Probe Library probes are listed in Supplemen-
tal Table 1.

Real-time PCR was carried out as described elsewhere 
[16] using Power SYBR Green PCR Master Mix (Thermo 
Fisher Scientific Inc.) with a StepOne Real-Time PCR Sys-
tem (Thermo Fisher Scientific Inc.).

Western blot analysis

Western blot analysis was carried out using standard pro-
cedures described elsewhere [32]. Briefly, aliquots contain-
ing 10 μg of protein were subjected to 10% SDS-PAGE and 
transferred to polyvinylidene difluoride (PVDF) membranes 
(ATTO, Tokyo, Japan), which were then blocked for 1 h in 
5% skim milk in Tris-buffered saline containing 0.1% Tween 
20 (TBS-T). After blocking, the membranes were incubated 
with anti-human TLR3 antibody (1:167 dilution, Novus Bio-
logicals, CO, USA) or with mouse monoclonal anti-β-actin 
antibody (1:5000 dilution, SIGMA, St. Louis, MO, USA) 
overnight at 4 °C. This was followed by incubation for 1 h 
with peroxidase-conjugated anti-mouse IgG as the second-
ary antibody (1:2000 dilution, DAKO, Glostrup, Denmark). 
Immunodetection was accomplished using an ECL Western 
Blotting Detection System (GE Healthcare, WI, USA).

ELISA

Secretion of CXCL10 from ESCC cells treated with 
poly(I:C) was analyzed using a specific ELISA. Briefly, cells 
were plated to a density of 1 × or 3 × 103 cells/well in 96-well 
plates and incubated for 72 h in 100 μL of RPMI1640 with 
10% FBS. Then after washing with PBS, the cells were incu-
bated first for 72 h with 100 μL of small interfering RNA 
(siRNA) targeting TLR3 or control scrambled siRNA, which 
was followed by an additional 72 h in 100 μL of serum-free 
RPMI1640 (control) without or with 10 μg/mL poly(I:C). 

Thereafter, the supernatant was collected from each well and 
analyzed using a Quantikine Human CXCL10/IP10 ELISA 
kit (R&D Systems, Minneapolis, MN) or a Legend MAX 
Human CXCL10 (IP-10) ELISA Kit (Biolegend, San Diego, 
CA) according to manufactures instructions.

Cell proliferation assay

To assess the effect of poly(I:C) on ESCC cell proliferation, 
cells were plated to a density of 1 × 103 cells/well in 96-well 
plates and incubated for 24 h in 100 μL of RPMI1640 with 
10% FBS. After washing with PBS, the cells were incubated 
for an additional 72 h in 100 μL of serum-free RPMI1640 
without or with 1 μg/mL or 10 μg/mL poly(I:C) (IMGENEX, 
San Diego, CA). Cell numbers were then determined using 
a CellTiter-Glo Luminescent Cell Viability Assay kit (Pro-
mega, Madison, WI). The average of the control (without 
poly(I:C)) wells was defined as 100%. Each sample was ana-
lyzed in 8 wells, after which the data were expressed as the 
mean ± SD and compared to control.

Caspase 3/7 assay

Cells were plated in 96-well plates and incubated as 
described above. After washing with PBS, the cells were 
incubated first for 72 h with 100 μL of TLR3 siRNA #1 
or control scrambled siRNA and then for an additional 
72 h in 100 μL of serum-free RPMI1640 alone (control) or 
with 10 μg/mL poly(I:C). Caspase 3/7 activities were then 
assessed using a CellTiter-Glo 3/7 Assay kit (Promega). 
Each sample was analyzed in 4 wells, after which the data 
were expressed as the mean ± SD.

siRNA experiments

TE8 and KYSE180 cells were plated in 6-well plates at a 
density of 2 × 106 cells/well. After allowing 24 h for the 
cells to attach, they were transfected with silencer select 
siRNA TLR3 #1 (s235, 5′—GGA UAG GUG CCU UUC 
GUC Att—3′), stealth RNAi siRNA TLR3 #2 (HSS110815, 
5′—GCA AAC CCU GGU GGU CCC AUU UAU U—3′), 
silencer select pre-designed siRNA MAVS (s33178, 5′—
CCA AAG UGC CUA CCA CCU Utt—3′), silencer select 
pre-designed siRNA TICAM-1 (s45114, 5′—GAA UCA 
UCA UCG GAA CAG Att – 3′) or control scrambled siRNA 
(Invitrogen). Briefly, 2 ml of serum-free RPMI1640 contain-
ing 18 μL of Lipofectamine RNAiMAX (Invitrogen) and 
6 μL of targeted siRNA or control scrambled siRNA were 
added to the cells, which were then incubated for 72 h. The 
efficiency of the siRNA transfection was determined using 
RT-qPCR. For caspase 3/7 assays, only siRNA #1 was used 
because it interfered with TLR3 mRNA expression more 
effectively than siRNA #2.
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Biostatistical analysis

Statistical analyses were performed using JMP15 (SAS Insti-
tute, Cary, NC) or GraphPad Prism software (version 10.3, 
GraphPad Software, San Diego, CA). Comparisons were 
made using the Wilcoxon rank sum test, Tukey’s test and 
the Kruskal–Wallis test, as appropriate. Values of P < 0.05 
(two-sided) were considered significant.

Results

Expression of TLR3 mRNA and protein in ESCC lines

Using RT-qPCR, we determined the relative expression lev-
els of TLR3 mRNA in two ESCC lines, one EAC line and 
PBL samples. Levels of TLR3 mRNA were about 28 times 
higher in TE8 cells and about 62 times higher in KYSE180 
cells than in OE19 cells or PBLs (Fig. 1a). Correspondingly, 
western blot analysis showed expression of TLR3 protein to 
be markedly stronger in the ESCC cells than in EAC cells 
or PBLs (Fig. 1b).

Changes in adaptor protein and cytokine mRNA 
production with poly(I:C) treatment

We also used RT-qPCR to assess changes in the expres-
sion of adaptor protein and cytokine mRNA in TE8 and 
KYSE180 cells treated with 10 μg/mL poly(I:C) (Fig. S1). 
Among adaptor proteins, levels of TICAM-1 and MAVS 
mRNAs were minimally affected by stimulation with 

poly(I:C), whereas NFκB2 mRNA was dramatically upreg-
ulated in both ESCC lines as compared to untreated cells. 
Among cytokines, IL-6, IL-8, CXCL10 and IFN-β1 mRNAs 
were all upregulated with poly(I:C) treatment in the two 
ESCC lines as compared to untreated cells. CXCL10 mRNA 
levels were upregulated about 74 times higher in TE8 cells 
and about 160 times higher in KYSE180 cells than untreated 
cells.

Effect of poly(I:C) on secretion of CXCL10 protein

Using an ELISA, we found that after treatment with 10 μg/
mL poly(I:C), CXCL10 secretion from TE8 cells into the 
culture medium was about 284 times higher while secretion 
from in KYSE180 cells was about 1044 times higher than 
from untreated cells (Fig. 2a). On the other hand, OE19 cells 
exhibited no CXCL10 secretion with or without poly(I:C) 
treatment (Fig. 2b).

Effect of poly(I:C) on cell proliferation

Using cell proliferation assays, we observed that prolif-
eration of both TE8 and KYSE180 cells was significantly 
downregulated after treatment with 10 μg/mL poly(I:C), and 
the effect was concentration dependent. On the other hand, 
poly(I:C) had no effect on OE19 cell proliferation (Fig. S2). 
The ability of poly(I:C) to suppress cancer cell proliferation 
was unaffected by MAVS or TICAM-1 knockdown (data 
not shown).

Effect of Poly(I:C) on caspase 3/7 activity

We used caspase3/7 assays to assess apoptotic activity 
in cells treated with 10 μg/mL poly(I:C). Both TE8 and 
KYSE180 cells showed significantly upregulated caspase 
3/7 activity after treatment with 10 μg/mL poly(I:C). No 
change in caspase 3/7 activity was detected in OE19 cells 
treated with the same concentration of poly(I:C) (Fig. S3).

siRNA‑induced knockdown of TLR3 mRNA 
expression

RT-qPCR analysis showed that two targeted siRNAs each 
significantly suppressed TLR3 mRNA expression in both 
TE8 and KYSE180 cells, as compared to untransfected con-
trol cells or cells transfected with scrambled siRNA (Fig. 
S4a). Moreover, we found that siRNA #1 knocked down 
TLR3 transcription more effectively than siRNA #2. Simi-
larly, siRNAs targeting MAVS and TICAM-1 markedly sup-
pressed their mRNA expression (Fig. S4b).

b

Fig. 1   Expression levels of TLR3 mRNA and protein are elevated 
in ESCC cells. a Relative levels of TLR3 mRNA were meas-
ured in the indicated cell types with RT-qPCR. β−2 microglobulin 
(β−2  M) served as an internal control. The data were expressed as 
the mean ± SD (n = 3). The signal obtained with PBLs was assigned 
a value of 1. b Representative western blots showing levels of TLR3 
protein in the indicated cell types
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Effect of poly(I:C) on CXCL10 secretion 
after siRNA‑induced TLR3 knockdown

Following TLR3 knockdown, ELISAs showed that 10 μg/
mL poly(I:C) strongly induced CXCL10 secretion (Fig. 3). 
In both TE8 and KYSE180 cells, transfection with TLR3 
siRNA #1 or #2 significantly suppressed the poly(I:C)-
induced CXCL10 secretion as compared to untreated control 
cells or cells transfected with scrambled siRNA. However, 
the impact of TLR3 knockdown was smaller than expected, 
which likely reflects the induction of type I IFN in by-stander 
cells [9]. Knocking down TICAM-1 also significantly sup-
pressed 10 μg/mL poly(I:C)-induced CXCL10 secretion 
in the two ESCC lines, suggesting the TLR3/TICAM-1 
pathway plays a key role in mediating CXCL10 secretion 
(Fig. 4). Moreover, they suggest the TLR3/TICAM-1 may 
contribute to previously reported CXCL10-mediated recruit-
ment of CXCR3-positive lymphocytes to the tumor micro-
environment [17–19].

Effect of poly (I:C) on caspase 3/7 activity after TLR3 
knockdown

When we assessed the effect of 10 μg/mL poly(I:C) on cas-
pase 3/7 activity with and without TLR3 knockdown, we 
found that in all cases poly(I:C) treatment upregulated cas-
pase3/7 activity as compared to untreated cells (Figs. S3 and 
5). However, in both ESCC lines, transfection with siRNA 
#1 significantly suppressed the poly(I:C)-induced caspase3/7 
activity as compared to control or scrambled siRNA. This is 
in contrast to the effects of MAVS or TICAM-1 knockdown, 
which was previously reported to have only limited effects 
on cell death induced by poly(I:C) in these cell lines [19].

Fig. 2   CXCL10 secretion is 
increased in ESCC cells treated 
with poly(I:C). TE8, KYSE180 
and OE19 cells were treated 
for 72 h without or with 10 µg/
mL poly(I:C) in serum-free 
medium, after which secreted 
CXCL10 was assessed using 
an ELISA. a ELISA plates. b 
Summarized measurements. 
The data are expressed as the 
mean ± SD (n = 4)

Fig. 3   Poly(I:C)-induced CXCL10 secretion is suppressed following 
TLR3 knockdown. TE8 and KYSE180 cells were transfected for 72 h 
with TLR3 siRNA and then incubated for 72 h without or with 10 µg/
mL poly(I:C) in serum-free medium. Secreted CXCL10 protein was 
measured using an ELISA. The data are expressed as the mean ± SD 
(n = 4); *p < 0.01 (Kruskal–Wallis test)
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Discussion

In this study, we observed that two ESCC lines express 
TLR3 mRNA and protein significantly more strongly than 
an EAC line or primary PBLs. Poly(I:C), a TLR3 agonist, 
induced strong expression of CXCL10 mRNA and protein, 
which significantly enhanced caspase3/7 activity, indicat-
ing upregulation of apoptotic activity, and suppressed cell 
proliferation in both ESCC lines but not the EAC line. 
Transfection with siRNAs targeting TLR3 attenuated the 
effects of poly(I:C) on CXCL10 protein expression and 
suppressed the upregulation of caspase3/7 activity. The 
effects of poly(I:C) were also suppressed by TICAM-1 
knockdown, indicating they are, at least in part, regulated 
via TLR3/TICAM-1 signaling. These observations support 
our earlier finding that high tumoral TLR3 and CXCL10 
expression are independent positive prognostic factors in 
patients with advanced thoracic ESCC [16, 28].

Recent reports suggest that TLR3 signaling stimulates 
tumor growth in melanomas and head and neck squamous 
cell cancers by mediating cancer cell migration. Goto 
et al. reported that melanoma cell migration is enhanced 
after poly(I:C) [33], while Chuang et al. reported that 
poly(I:C) promotes migration of head and neck squamous 
cancer cells by stimulating secretion of IL-6 and CCL5 
[34]. On the other hand, earlier reports also showed that 
TLR3 signaling directly or indirectly induces apoptosis in 
gastric cancer [35], colon cancer [36], breast cancer [37, 
38], prostate cancer [39], ovarian cancer [40], hepatocel-
lular carcinoma [41, 42] and head and neck cancer cells 
[43–45]. Consistent with those findings, we observed that 
poly(I:C) induced apoptosis in ESCC cells along with cor-
responding changes in CXCL10 production and caspase 
3/7 activation.

It has been suggested that TLR3 ligands have three 
anticancer actions: (1) direct induction of apoptosis in 
TLR3-expressing cancer cells [19, 46], (2) activation of 
DC-mediated natural killer cells and CTLs [18, 47], and 
(3) induced secretion of chemokines, including CXCL10, 
from cancer cells, which recruits immune cells to the tumor 
microenvironment [16, 25, 48, 49]. In the present study, 
we observed both direct induction of apoptosis in TLR3-
expressing cancer cells and strongly enhanced secretion of 
CXCL10 from cancer cells. Although the change in the cell 
death levels after MAVS or TICAM-1 knockdown was mar-
ginal, CXCL10 levels were nonetheless influenced by their 
knockdown, and poly(I:C) contributes to both MAVS and 
TICAM-1 activation [50, 51]. This suggests that poly(I:C)-
induced signaling contributes to immune cell recruitment to 
ESCC cells via the TLR3/TICAM-1 pathway, though con-
firming activation of natural killer cells and recruitment of 
lymphocytes to the tumor microenvironment in ESCC will 
require further studies.

An important question is, why do ESCC cells express 
TLR3 so much more strongly than EAC cells or PBLs? 
TLR3 recognizes the dsRNA comprising the genetic mate-
rial in many viruses as a specific ligand, which leads to an 
immunoreaction [8]. This is noteworthy, as the association 
between HPV and ESCC has been a topic of research, debate 
and conjecture for over three decades [52]. However, from 
their review of the literature, Ludmir et al. concluded that 
the notion that HPV is a prominent carcinogen in ESCC 
is not supported by the available results [53]. Moreover, 
Song et al. performed a comprehensive genomic analysis of 
158 ESCC cases and found no integration of HPV, HBV or 
human herpes virus into the ESCC genome [54]. That said, 
there may still be an as-yet-unknown, and so undetected, 
viral infection present. In addition, DAMPs released from 

Fig. 4   Poly(I:C)-induced 
CXCL10 secretion is sup-
pressed following MAVS or 
TICAM-1 knockdown. TE8 and 
KYSE180 cells were trans-
fected for 72 h with MAVS 
or TICAM-1 siRNA and then 
incubated for 72 h without or 
with 10 µg/mL poly(I:C) in 
serum-free medium. Secreted 
CXCL10 protein was measured 
using an ELISA. The data are 
expressed as the mean ± SD 
(n = 3); *p < 0.05, **p < 0.01, 
***p < 0.001 (one-way ANOVA 
with Tukey test). The efficiency 
of MAVS or TICAM-1 knock-
down was confirmed in each 
experiment using RT-qPCR
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injured or dying host cells may induce the observed TLR3 
expression in ESCC cells.

An important limitation of the present study is the lack of 
specificity of poly(I:C). Kawai et al. reported that in addition 
to TLR3, poly(I:C) is recognized by several other PRRs, 
including retinoic acid inducible gene I (RIG-I), melanoma 
differentiation-associated gene 5 (MDA5) and cytoplasmic 
sentinels [9]. However, Luo et al. used a specific siRNA 
targeting TLR3 to show that poly(I:C)-induced apoptosis 
is mainly mediated via TLR3 in oral SCC cells [40]. Our 
results after MAVS knockdown suggest that either RIG-I 
or MDA5 is involved in the CXCL10 secretion by cancer 
cells and that the TLR3 pathway contributes at least as much 
to CXCL10 secretion as the MAVS pathway. Moreover, 
TICAM-1 knockdown significantly suppressed poly(I:C)-
induced CXCL10 production as well as caspase 3/7 activ-
ity. Those results confirm that TLR3 is a pivotal mediator 
of those events in ESCCs, which is consistent with earlier 
findings using the TLR3-specific agonist ARNAX [18, 
55]. Nonetheless, the origin of the TLR3 ligand in cancer 
cells remains unaddressed. Perhaps structured RNA with 
duplexed parts in its sequence able to mediate TLR3 activa-
tion is liberated from cancer cells [56]. Another limitation 
is the difficulty of assessing cell proliferation with TLR3 
knockdown. Because TLR3 is an IFN-inducible gene [9], 
its mRNA knockdown using siRNA did not always correlate 
with a reduction in protein level. For this reason, we could 
not show clear data of cell proliferation activity with TLR3 
knockdown using siRNA in Fig. S2. However, we showed 
that TLR3 or TICAM-1 knockdown using siRNA signifi-
cantly suppressed poly(I:C)-induced CXCL10 production as 
well as caspase 3/7 activity in Figs. 3, 4 and 5. These data 
indirectly proved the inhibitory effect of poly(I:C) through 
TLR3 signaling on cell proliferation of ESCC cells.

In summary, we observed that TLR3 is highly expressed 
in ESCC lines and that its activation strongly induces expres-
sion of CXCL10, which is a major mediator of an antitumor 
immune response that may improve prognosis in cancer 
patients. These observations support our earlier findings that 
high tumoral TLR3 and CXCL10 expression are independ-
ent positive prognostic factors in patients with advanced tho-
racic ESCC. TLR3 signaling and the downstream CXCL10 
production have the potential to serve as useful prognostic 
markers and therapeutic targets for the treatment of ESCC.
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Fig. 5   Effect of poly(I:C) on caspase 3/7 activity after TLR3 knock-
down. TE8 and KYSE180 cells were transfected for 72  h with 
TLR3 siRNA and then incubated for 72 h without or with 10 µg/mL 
poly(I:C) in serum-free medium. Caspase 3/7 activity was measured 
using a CellTiter-Glo 3/7 Assay kit. The data are expressed as the 
mean ± SD (n = 4); *p < 0.01 vs. untreated cells (Kruskal–Wallis test)
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